We have found a sickling variant, Hb S Antilles, O2PI3 23 Vai-][e), that has the same electrophoretic mobility as Hb S but a distinct isoelectric focus and produces sickling in the carriers of the Hb A/S Antilles trait. The carriers' erythrocytes tend to sickle at 02 partial pressures similar to those that induce sickling in Hb S/C disease. Pure deoxy-Hb S Antilles is 50% as soluble as deoxy-Hb S (saturating concentration = 11 g dl-1 compared to 18.4 for Hb S). MATERIALS AND METHODS Routine hematological parameters were determined by using a Coulter S Counter and standard procedures were used for the preparation of erythrocyte hemolysates. Methods for electrophoresis of hemoglobin on cellulose acetate and in citrate agar and of globin chains at alkaline and acidic conditions have been described (5). IEF was performed as in refs. 6 and 7. Abnormal hemoglobin was isolated by chromatography on DEAE-cellulose (Whatman DE-52) (8). After removal of hemin by precipitation with acid/acetone the abnormal chains were prepared by CM-cellulose/8 M urea chromatography (9), aminoethylated, and hydrolyzed with trypsin treated with L-1-tosylamido-2-phenylethyl chloromethyl ketone (Worthington) (10).
ing concentration = 11 g dl-1 compared to 18.4 for Hb S).
Dilute solutions of pure Hb S Antilles have a lower oxygen affinity than those of Hb A or Hb S (partial pressure for 50% binding is 9 mm Hg compared to 5.5 mm Hg for Hb A or S at pH 7.00). A/S Antilles erythrocytes have a much lower oxygen affinity than A/S cells; this is further decreased in dense cells fractionated on a Percoll density gradient. Their oxygen equilibrium curves had anomalous shapes like those of S/S cells. Fiber formation in the erythrocytes of Hb S Antilles carriers is clearly due to its low solubility and oxygen affinity, showing that heterozygosity for this hemoglobin presents another sickle cell syndrome and suggesting that Hb S heterozygotes who exhibit symptoms of sickle cell disease should be carefully screened for double mutations.
Sickle cell anemia is a disease (SS disease, homozygosity for Hb S) due to intracellular polymerization of Hb S at physiological values of oxygen partial pressure, Po2. The heterozygotes (A/S) are usually free of clinical symptoms because the presence of about 60% Hb A in their erythrocytes prevents the polymerization of Hb S under physiological conditions of oxygenation (1) . The same is true for the carriers of three other sickling variants, Hb C Harlem, Hb S Travis, and Hb C Ziguinchor (2) (3) (4) . We describe here a double mutant variant, Hb S Antilles, a2(32 ,B6(A3)Glu-+Val, ,B23(B5)Val-Ile, with electrophoretic mobility in standard conditions identical to that of Hb S but with a slightly higher pI than Hb S on isoelectric focusing (IEF 
MATERIALS AND METHODS
Routine hematological parameters were determined by using a Coulter S Counter and standard procedures were used for the preparation of erythrocyte hemolysates. Methods for electrophoresis of hemoglobin on cellulose acetate and in citrate agar and of globin chains at alkaline and acidic conditions have been described (5) . IEF was performed as in refs. 6 and 7. Abnormal hemoglobin was isolated by chromatography on DEAE-cellulose (Whatman DE-52) (8) . After removal of hemin by precipitation with acid/acetone the abnormal chains were prepared by CM-cellulose/8 M urea chromatography (9) , aminoethylated, and hydrolyzed with trypsin treated with L-1-tosylamido-2-phenylethyl chloromethyl ketone (Worthington) (10) .
Tryptic digests were separated by reverse-phase HPLC using a ,uBondapak C18 column (Waters Associates) operated at room temperature. The buffers used were buffer A, 20 mM ammonium acetate, and buffer B, 50% (vol/vol) acetonitrile in 10 mM ammonium acetate, pH 5.7. All buffers were degassed and filtered before use. The column was equilibrated in 3% buffer B. Elution was performed at room temperature at a flow-rate of 1.5 ml/min and the absorbance of the fractions was monitored at 214 nm. A three-step linear gradient was applied for elution: 3-25% buffer B for 30 min, 25-50% for 10 Sickling tests on fresh erythrocyte suspensions were done in vitro as previously described (13) . Phthalate ester density profiles were determined with erythrocytes from several patients according to ref. 14. For preparative purposes, the propositus' erythrocytes were fractionated according to their density with a discontinuous albumin/Percoll gradient (15) . Solubility of the abnormal hemoglobin was studied by measuring its Csat (saturating hemoglobin concentration) value. This was then compared to values for Hb S and for mixtures of equal amounts of the variant and of Hb A, Hb S, or Hb C. The hemoglobins were mixed in the presence of air and deoxygenated by using an excess of sodium dithionite. Aliquots (200 ,u1) of each were ultracentrifuged for 1 hr at 45,000 rpm in a Beckman SW 50-1 rotor at 30°C and after centrifugation the hemoglobin concentration in the supernatant (Csat) and that in the pellet were determined (16) .
Oxygen binding properties for the abnormal erythrocyte suspension or ofthe purified hemoglobin variant were studied Abbreviations: IEF, isoelectric focusing; Bistris, [bis(2-hydroxyethyl)amino]tris(hydroxymethyl)methane.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. with a continuous recording system (Hemox analyzer, Technical Consulting Products, Southampton, PA) as described in detail elsewhere (17, 18 (19) . This initial screening revealed nearly equal amounts of Hb A and of an abnormal hemoglobin with a slightly higher pI than Hb S (Fig. 1) . The amount offetal hemoglobin was normal. Since the initial observation, clinical data have been obtained on members of the propositus' family, leading to the identification of 24 A/S Antilles individuals. Clinical studies on them revealed a mild hemolytic anemia (hemoglobin, 11.2 ± 0.7 g/dl; mean cell volume, 90.3 ± 5 fl; reticulocytes, 4.5 ± 1.4%) and the unusual presence of 5-7% irreversibly sickled cells. The spleen was always palpable (in some patients splenectomy had been performed). Most of them had typical recurrent painful sickle cell crises. One 6-year-old girl, a heterozygote C/S Antilles carrier, presents a very severe sickle cell syndrome. Three children, identified retrospectively, were compound S/S Antilles heterozygotes. They suffered from few painful sickle cell crises but exhibited severe chronic hemolytic anemia. They died at 6, 11, and 20 years of age from the consequences of chronic transfusion regimens.1'
The expression of Hb S Antilles was between 40% and 50% in the adult carriers examined suggesting a ( chain variant. The solubility test and the erythrocyte sickling test from the mother's hemolysate were positive. Characterization of the abnormal hemoglobin by electrophoretic mobility profile gave results similar to those exhibited by a control Hb S. Since these properties were different from those found among known sickling variants, including the double mutants Hb C Harlem, Hb S Travis, and Hb C Ziguinchor (2-4), they prompted us to carry out detailed studies.
The structural analysis of Hb S Antilles was performed on the tryptic peptides of aminoethylated abnormal 1 chains, from the hemolysate of the propositus' mother. Fig. 2 Ti3e S-AniT4e several A/S Antilles carriers showed 10-20% of the A/S Antilles erythrocytes to be abnormally dense. In the Hb C/S Antilles carrier 40% of the cells were abnormally dense. Table 1 Cells were suspended in 140 mM NaCl/10 mM glucose/50 mM [bis(2-hydroxyethyl)amino]tris(hydroxymethyl)methane (Bistris), pH 7.20, at 370C. Hb S Antilles-containing erythrocytes were fractionated with a discontinuous Percoll density gradient. Other erythrocytes were unfractionated and results are mean ± SEM or ranges. Deoxygenation curves (Deoxy) were obtained by bubbling pure argon after equilibration of the cell suspension under pure oxygen. Oxygenation curves (Oxy) were obtained by admission of oxygen after deoxygenation; each recording lasted 45-50 min. hemoglobin tetramer), oxygen binding studies were performed in dilute purified solutions of Hb S Antilles. Pure stripped diluted Hb S Antilles (Table 3 ) exhibited a 50% decrease in oxygen affinity compared to normal Hb A or diluted Hb S. The alkaline Bohr effect for Hb S Antilles was slightly larger than that of Hb A, and its interaction with 2,3-diphosphoglycerate was normal (Table 4) . (1986) 
